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ABSTRACT 

Melanoma grows fast and new cases increase each year, above all in people who have light skin 

that develops freckles after a short stay in strong sun. Detect the tumour at the first stage plus the 

outcome changes completely, in the same way that a spark caught at the instant it crackles 

prevents a fire. Dermoscopy allows physicians to inspect clear skin structures without a cut but 

reading those enlarged patterns, which look like faint honeycomb lines on the surface, demands 

calm and long training. In this paper, I describe a deep learning system that labels melanoma in 

dermoscopic pictures but also finds tiny brown and red dots that a quick look would miss. The 

system first cleans every picture with advanced filters, locates each lesion with exact segmentation 

as well as runs a hybrid feature extractor built on CNNs that pulls sharp detail from every pixel, 

similar to light that passes through a lens and converges. We aim for high sensitivity or high 

specificity, and we check that the system stays accurate on all skin colours next to lesion forms, 

even on rough, irregular zones where shadows once deceived earlier hand coded programs. The 

process starts when the system sends each picture through preparation - it sharpens borders and 

corrects light, as though it wipes dust from a camera lens before the next shot. This action raises 

contrast; evens colour plus removes small defects like lone hairs or a bright glare on the skin. 

After that, the lesion segmentation module starts - it runs a deep encoder - decoder network that 

isolates the exact lesion border. 

Keywords: Melanoma detection, Dermoscopic image analysis, Skin cancer classification, Deep 

learning, Convolutional Neural Networks (CNN), Medical image processing, Computer-aided 

diagnosis, Image segmentation, Artificial intelligence in healthcare. 
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1. Introduction 

Skin cancer called melanoma moves quickly, proves hard to handle. Beginning in cells named 

melanocytes, it leads the list for fatalities despite being less frequent than others. Early detection plays 

a crucial role - outcomes tend to be positive when caught at first, yet chances fall sharply after 

spreading begins. To peer beneath the outer layer of skin, specialists rely on dermoscopy, searching for 

warning signals hidden below. Yet results often hinge on how trained the examiner happens to be; one 

person's reading may differ from another's view entirely. 

Computers now see things doctors sometimes do not. Instead of fixed rules, they learn from thousands 

of skin photos shared by clinics worldwide. A photo once too grainy for machines to understand today 

gets analysed in seconds. Learning happens layer by layer inside networks shaped like filters, spotting 

tiny details eyes skip. Medical teams used to depend on checklists such as shape or colour changes. 
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Machines ignore lighting problems better than older methods ever did. Because data keeps growing, 

models keep improving without being rewritten each time. One network might catch a shadow another 

misses, simply due to how it was trained. 

A new way to spot melanoma uses deep learning by combining image cleanup, isolating the affected 

area, borrowing smart features from other models, then highlighting key parts through attention layers. 

Instead of just running raw data, it strengthens results with extra simulated examples and keeps 

guesses in check using balance techniques. What stands out is how it shows its reasoning, giving 

medical staff clear clues about its decisions. Designed to support skin experts, it aims to speed up early 

warnings and bring better checks to regions missing trained eyes. 

Flipping, turning, resizing, adjusting colours - these tricks help the system deal with noisy medical 

photos. To stop it from memorizing too much, features such as dropout and batch normalization step 

in. Training unfolded using freely available skin imaging collections, feeding examples into the 

network bit by bit. Performance got measured through numbers: how often it's right, how many sick 

patients it flags, how few healthy ones it wrongly tags, along with balance scores and curve areas. 

Spotting melanomas stood out as a top priority throughout testing. What mattered most? Not letting 

dangerous cases slip past. 

Smarter prep work pushes this model ahead of older methods, including standard deep learning tricks. 

Even when faced with new data sets, its performance stays steady - clearly not stuck repeating patterns 

from one image group. Instead of hiding how decisions happen, the team built in clear visuals using 

tools like Grad-CAM. These views let skin specialists follow along, understanding what drives each 

result. Doctors remain in charge; the tech simply adds support, sharpening speed and accuracy. Better 

patient results become possible when human skill pairs with well-designed assistance. 

2. Motivation 

A single type of cell gives skin its shade - these are where trouble can quietly begin. When sunlight 

harms them or errors run in families, changes may take place. Watch closely if a new mark appears, 

especially one shifting in colour. Sometimes it spreads bit by bit, turning darker or getting uneven. 

Without attention, it travels fast once active - catching it on time shifts everything. 

Looking at the skin comes first, then a biopsy if required. ABCDE rules step in here - odd form, rough 

borders, colour shifts, width, evolution. Noticing these details builds understanding of possible risk. 

Still, reading them depends on who's looking, their training shaping what they see. Getting it right? 

That part stays uncertain, each case different. 

Beneath the surface, things get clearer through a special lens. Doctors use it to catch small signs 

hidden under the skin. Instead of guessing, they rely on close-up views to guide decisions. Yet 

similarities between spots often cause confusion. Tiny clues matter most when judging if a mark might 

be trouble. Even sharp images don’t always give clear answers. 

Here comes artificial intelligence into play. Thanks to fresh progress in machine learning - deep neural 

networks in particular - doctors focusing on skin conditions gain new support. Instead of relying only 

on experience, they now have software able to scan countless close-up photos of lesions, noticing tiny 

details human vision could overlook. Mistakes happen less often because these programs reduce 

guesswork while shortening diagnosis time. Early detection becomes more realistic when technology 

spots warning signs before symptoms appear clearly. Creating trustworthy algorithms tailored for 

identifying dangerous moles has become central in health studies lately - timing matters greatly once 

cancer enters the picture. 

3. Literature Review 

Back when computers first tried spotting skin cancer, people mostly used old-school math tricks. 

Picking clues by eye from photos - say, how patchy the colours were, or whether edges looked jagged - 
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was normal. After that, tools like Decision Trees or K-Nearest Neighbours took over, sifting moles 

into risky or not. Even though it kind of worked, progress stalled fast. It turned out everything hinged 

on whoever chose those initial details. 

One day, deep learning shifted everything. Right away, Convolutional Neural Networks caught 

attention in medicine by handling scans without needing hand-crafted features. Layer after layer builds 

up - starting with convolution, then activation, pooling, ending in full connections - each step 

reshaping how details are seen. These networks find subtle structures simply by-passing information 

forward, piece by piece. 

A few CNN designs show strong results spotting melanoma. Think of AlexNet, then VGGNet, 

followed by ResNet, each adding depth. Inception Net steps in with wider paths through layers. 

Efficiency rises in EfficientNet while MobileNet focuses on lighter builds. Details matter - the way 

edges bend, colours shift, patterns twist catches their attention. Subtleties like these help tell moles 

apart more clearly than older methods could manage. 

Still going. A shift happened when scientists paired CNNs with classic stats instead of betting 

everything on deep learning alone. Picture this: CNNs pull apart images quietly, doing their job 

offstage. After that, tools such as SVM step in, shaping raw outputs into clear groupings. Now and 

then, this blend beats standalone models - old or new - by a quiet margin. 

A shape begins to appear as the picture enlarges - pulling sight away from scattered distractions. The 

centre area holds clear, while everything else fades behind. Attention locks right where harm shows, 

leaving surrounding mess out of frame. Tools such as U-Net step in at this point, along with Mask R-

CNN or Fully Convolutional Networks doing similar work. Close to the tear's edge, they hold things 

together more effectively, even when nothing else is done. At first glance it seems calm - then every 

little part show precision. 

4. Related work 

Lately, artificial intelligence and deep learning have made big strides in spotting melanoma from 

dermoscopic images. Back in 2017, Andre Esteva and his team pulled off something huge—they 

trained a deep convolutional neural network (based on Google Net) that could classify skin cancer as 

well as a dermatologist [Nature, 2017]. That really set the stage for AI-driven diagnosis in 

dermatology. 

After that, Noel C. F. Codella and the International Skin Imaging Collaboration (ISIC) pushed things 

further[ Noel C. F. Codella], ) [ Dermatologic imaging and AI diagnostics,2015]. Their challenges 

showed just how important standardized datasets and ensemble deep learning are for improving how 

we classify and segment skin lesions. Then, you’ve got Holger A. Haenssle’s.[Annals of Oncology, 

2018],[ CNN detected 95 % of melanomas vs. 86.6 % by dermatologists] work, which compared AI 

directly with dermatologists. The numbers were eye-opening: the CNN caught 95% of melanomas, 

while dermatologists caught 86.6%. That kind of result makes it hard to ignore the value of AI in 

clinical screening. 

But there’s more to it than just classification. Researchers like Xiaosong Li and Jie Shen focused on 

segmentation—basically, getting the boundaries of a lesion just right. Using fully convolutional 

networks like U-Net, they managed to boost both feature extraction and overall diagnostic accuracy. 

Lately folks are trying newer neural nets - ResNet, then DenseNet, followed by EfficientNet. Instead 

of stopping there, they lean on tricks such as boosting image variety, reusing trained models, or 

combining predictions to push performance further. For doctors to feel confident, explainability tools 

including Grad-CAM show coloured heatmaps revealing exactly where the system looks before 

deciding. 
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Funny thing is that problems stick around. Biased data sets drag down results, shifting between groups 

or scanners trips up accuracy, odd glitches throw models off balance. Even after big steps forward in 

spotting melanoma, the path stays rough - better stability and trust need building for each person. 

4.1 Research Gap 

Until not long ago, researchers could recognize melanoma from dermoscopic images thanks to 

machine learning and deep learning. Since 2023, a variety of studies about convolutional neural 

networks, hybrid models and segmentation algorithms have greatly improved the accuracy of 

automated melanoma diagnosis. In 2024, a research paper was published using a CNN model on 

dermoscopic images from the ISIC dataset. By preprocessing and segmenting lesions, the model 

improved its performance. The accuracy looked quite promising, suggesting deep learning can identify 

melanoma in these images. Nonetheless , there is a catch. The testing was done on limited images 

which may not mean that the model will work on bigger more complex clinical datasets. 

In 2024 another paper assessed skin lesions by applying colour histogram analysis in conjunction with 

CNNs. Experts have improved the detection of melanoma’s colour patterns in dermoscopic images 

through research. The model performed quite well. However, the performance of the model was not 

satisfactory when tested on completely new data sets. Thus, it still not ready to address all the variety 

that you see in clinics. 

2024 and 2025 reviews have indicated that deep learning may correlate with diagnostic powers of 

experienced dermatologists. Pretty amazing right? However, there’s a downside. Almost all these 

models are hampered in their efforts due to several reasons. They suffer from imbalanced datasets, 

there is no standardized way to evaluate models, and they are seriously lacking in interpretability. 

Doctors need to rely on and understand these systems, which is harder when the models are black 

boxes. The difficulties hinder the effectiveness of automated melanoma detection which makes it 

difficult to implement. 

A new framework has been presented in 2025 to attack class imbalance in dermoscopic datasets via 

special learning strategies. While accuracy was not an issue with something like a Deep Belief 

Network for handwriting recognition, you might run into some of the following hassles. Data is often 

too homogeneous, and scaling problems are common. Real-world deployment is often too 

computationally taxing. 

There remain some significant gaps despite the progress achieved in this area. Many models pursue 

even greater accuracy without putting in nearly enough effort to ensure that their results are consistent 

across other datasets or imaging conditions. Many researchers tend to restrict themselves to a sole 

dataset (e.g. ISIC or PH2), which does not reflect the actual clinical variability. And one major thing is 

missing, solid explainable AI tools, so clinicians can see exactly how these models make decisions. 

Going forward, we will need more robust and general frameworks that feature better preprocessing, 

sharper feature extraction and smarter classification with more transparent and reliable models that can 

be used in actual clinical settings. 

5. Research Methodology 

5.1 Problem Statement 

Melanoma is one of the deadliest skin cancers and detecting it early can massively improve the 

survival chances. Dermoscopy is a device that increases the detail at which the skin lesions are seen 

but we still mainly depend on dermatologists' eyes to recognize the symptoms. This method consumes 

a lot of time and even the best experts can sometimes disagree or decide differently. 

Many computer, aided systems have been created to assist in this work, mainly using the data from the 

International Skin Imaging Collaboration. Most of these systems are based around melanoma 

characteristics such as the ABCDE rule. Unfortunately, this makes them very vulnerable to changes 

like image noise, unusual lighting, or even hairs, in fact, the kind of defects you find in images taken in 

real, life situations. 
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Fig : Images of skin cancer 

Deep learning models promise a lot and often nail the test datasets, but real life is a whole different 

story. Change the camera, the clinic, or the patient’s skin tone, and suddenly, the models not so 

reliable. On top of that, there are way more photos of harmless moles than dangerous ones, which 

throws off the balance. And since a lot of AI models don’t really explain their decisions, doctors are 

hesitant to trust them in practice. 

This research sets out to build a deep learning framework that works—one that can handle solid 

preprocessing, spot lesions accurately, pull out the right features, deal with class imbalance, and give 

results you can understand. The goal is simple: make melanoma detection more reliable and give 

clinicians something they can trust when making decisions. 

5.2 Data Pre-processing 

We assess how well the proposed model works - running experiments on standard collections of 

dermoscopic images. The full image set is split into three parts - one-part trains the deep learning 

model, a second part adjusts the model's internal settings and a third part measures the final accuracy. 

In most cases, about seventy percent of the images go to the training split, while the rest are shared 

between the adjustment plus measurement splits. 

While the model trains, we expand the image collection through data augmentation so that the training 

set becomes more varied and the model does not memorize single examples. The expansion steps 

rotate pictures, flip them left right but also up down, rescale them and alter their brightness. Those 

steps force the model to extract features that stay valid across many image conditions - its performance 

on new, unseen pictures rises. 
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Fig: Block diagram of skin cancer detection system 

During the performance evaluation of the proposed system, different metrics which are usually used 

for assessing performance of a medical image classification system have been considered. These 

metrics include accuracy precision recall, F1, score and area under the ROC curve. These metrics give 

a complete picture of the system's performance in classifying melanoma lesions. 

5.3 System Architecture 

The overall architecture of the proposed system is based on a sequential model for efficient processing 

of the dermoscopic image. The input to the system is a dermoscopic image from a medical dataset. The 

input image is first processed through a preprocessing stage to eliminate noise from the image. Next, 

image segmentation techniques are used to identify the lesion area in the image. The image of the 

lesion is then passed through a convolutional neural network for feature extraction. The extracted 

features are then passed through fully connected layers for the classification of the image. The output 

of the system is the result of the analysis of the image, i.e., whether the lesion is a case of melanoma or 

a benign skin problem. 
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Fig : Architecture of skin cancer detection system 

5.4 Results and Discussion 

Out of the lab tests comes proof - the new deep learning system spots melanoma in skin photos with 

real skill. Instead of older methods needing hand-picked traits, this CNN design nails better precision. 

What lifts it? How deeply it digs into image layers without help, building its own rules as it goes. 

Most melanoma cases get picked up by the system, thanks to solid recall numbers. Over ninety-five 

percent accuracy shows up in the test results, putting it on par with earlier models - or ahead. Missing 

dangerous spots happens rarely, which helps maintain reliable detection overall. 

Deep learning might change how doctors spot illnesses. Instead of working alone, skin experts could 

team up with smart software that reads close-up pictures of moles. This kind of tech helps cut through 

visual noise, focusing on details humans sometimes miss. Machines learn patterns people overlook - 

offering a second look without slowing things down. 
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Fig: Training and validation accuracy 

 

 

 

Fig : Model training and validation loss 
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6. Conclusion and Future work 

Melanoma is a highly dangerous form of skin cancer. This is why catching melanoma early is a top 

priority to have a chance at good outcomes in treatment. Fortunately, we have computers nowadays 

that not only learn faster but also become smarter. So, machines can even lend a hand to a doctor in 

analysing medical images very accurately. Here is a framework of a strong neural network that was 

used for the recognition of melanoma in dermoscopic photograph. Initially, the system cleans up the 

image data before searching for the areas that are unfortunately abnormal. Subsequently, it obtains 

more than just surface, level access to the features through the network layers that are deeper rather 

than shallower ones. Finally, it classifies these features as a way of going beyond mere preliminary 

diagnosis results. Results from the evaluation of the methods indicate that the traditional methods were 

considerably behind the new neural methods when it comes to the classification of skin lesions. In the 

end, automated melanoma detectors assisting dermatoscopists in the examination of closely magnified 

images of moles would be one of the main reasons leading to the increased rate of earlier skin cancer 

diagnosis. Besides, reduced mortality possibly being one of the benefits, improved care outcomes are 

also fairly a scenario with high probability. Moreover, ongoing study in this area keeps on improving 

performance of AI, based correspondingly on systems, their availability, and their reliability. 

One possible approach could be to harness a larger and more diverse dataset to enhance melanoma 

models' ability to generalize to new cases. If systems revealed the rationale behind a decision, 

practitioners would find these models more understandable and become comfortable using them. Trust 

comes from knowing rationale and without it, trust dimin. Imagine a phone app that takes pictures of 

moles and lays the groundwork for everyday devices to be used as aid in the detection of alarm signs. 

These digital solutions could make it easier to have skin check, up at very remote places where the 

nearest skin doctor is hardly accessible. A photo taken on the same day can help to identify skin 

changes right at home or a community care centre. It is a fact that not all regions have dermatologists 

but with this mode, even a far-off location would be able to access medical assistance in a skin 

emergency. 

Thinking about a new strategy for detecting melanoma turned to analysing the dispersion of colours in 

dermoscopic images. Although the model correctly classified samples to some extent, the level of its 

precision significantly decreased during the assessment on unseen data. Such a performance 

degradation implies that the results obtained by the system in the scenario of real clinics could be very 

different. Every new testing environment apparently revealed further vulnerabilities of the method in 

the aspect of reaccommodation. 
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